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Approximately 1 in every 20 hospitalized patients experiences 1 or more healthcare-associated infection (HAI), 1 leading to an estimated 2.1 million HAIs occurring annually in the United States. 2, 3 It is well established that patients with HAI have higher mortality rates and longer hospitalization durations than patients who do not develop HAIs. 3 HAIs directly threaten patient safety. 4, 5 Thus, it is fitting that the Institute for Healthcare Improvement's 100,000 Lives Campaign has focused on 3 of 6 key quality improvement initiatives on processes geared toward the prevention of HAI. 6 Furthermore, accreditation organizations, such as the Joint Commission on Accreditation of Healthcare Organizations (JCAHO), include the prevention of HAIs as a key component in their accreditation standards. The JCAHO also includes the prevention of HAIs as one of its recommended patient safety goals. 7 The JCAHO and the Institute for Healthcare Improvement have increased awareness of the problem of HAIs among hospital administrators and the general public, but insufficient attention has been given to the financial burden that HAIs impose on hospitals. Indeed, in our experience, the business case for preventing HAIs is rarely, until recently, at the forefront in the minds of hospital administrators.
Although the cost of HAIs is clearly high, the absolute financial burden of HAIs and the cost of individual HAIs have been difficult to determine. For example, some previous estimates of the cost of HAIs do not account for the fact that the costs vary for each type of specific HAI, each type of infecting microorganism, and each specific therapy provided; furthermore, these broad estimates do not take into consideration the fact that the underlying condition of each infected patient affects the duration, type, and cost of treatment that is given. 8, 9 Finally, published studies that have examined the cost of individual HAIs have provided wide-ranging and confusing results.
Accurate estimates of costs of HAIs are important metrics for understanding the impact of hospital infection control (IC) programs and, perhaps more importantly, for understanding how costs for IC programs can yield measurable dividends. Thus, the objectives of this study were to calculate weight-adjusted average costs for specific HAIs, using previously published matched cost analyses; to determine the annual costs attributable to specific HAIs in a network of hospitals of various sizes and types; and to compare the costs of HAIs to the amount budgeted for IC programs in a group of 28 hospitals.
methods

HAI-Specific Cost Estimates
In 1985, the federal government instituted a prospective payment system based on diagnosis-related groups (DRGs), 3 leading to a change in hospital reimbursement patterns. Thus, cost analyses published before 1985 are fundamentally different than analyses published after the institution of the DRG reimbursement program. We reviewed the literature published during 1985-2005 and selected reports that described costs specifically attributable to surgical site infection (SSI), healthcare-associated bloodstream infection (HA-BSI), ventilator-associated pneumonia (VAP), and/or catheter-associated urinary tract infection (CA-UTI). We first performed a keyword search of broad terms, including "cost," "economic analysis," "surgical site infection," "wound infection," "bloodstream infection," "bacteremia," "pneumonia," and "urinary tract infection." We then reviewed the cited references of studies initially identified using these keywords to identify studies that may have been missed by our initial search. Subsequently, we used the ISI Web of Science (available at: http: //portal.isiknowledge.com) to perform a cited reference search of articles identified using the search strategy described herein. Ultimately, studies were included in this analysis if they determined costs attributable to specific HAIs by matching patients with HAIs with similar patients without HAIs. Matching criteria used in each study had to be explicitly stated. Charge data were provided from 2 studies 10, 11 ; these charges were converted to costs using a cost-to-charge ratio of 0.7.
12
All monetary amounts were standardized to the value of US dollars in August 2005; adjustment for inflation was performed using information from the Bureau of Labor Statistics. 13 If a specific monetary unit (eg, 1996 US dollars) was described in the article, information from the Bureau of Labor Statistics was used to convert the monetary unit to 2005 US dollars. If the monetary unit was not available, the first day of the month on which the article was originally submitted for review was used as the date for conversion to 2005 US dollars. If these data were not available, the date of publication was used as the date for conversion to 2005 US dollars. Foreign currency was converted to US dollars using Federal Reserve economic data.
14 After costs were standardized to 2005 US dollars, weight-adjusted mean costs were computed for SSI, HA-BSI, VAP, and CA-UTI by averaging weighted mean costs based on patient count from each study.
Participating Hospitals and Data Collection
The Duke Infection Control Outreach Network (DICON) is a network of 32 community-based hospitals in the southeastern region of the United States. The structure and goal of DICON have been previously described. 15 16 One hospital did not perform surveillance on catheter-days or CA-UTIs; thus, data on CA-UTIs were available for 27 hospitals. Similarly, data on SSIs were available from 27 hospitals, because no surgical procedures were performed at 1 hospital. Surveillance for superficial SSIs was not performed; thus, only deep or incisional and organ space SSIs were included in this analysis. Estimates for the cost of specific HAIs were applied to the number of HAIs at each institution in 2004.
IC Budget Data
Surveys were sent to a total of 50 supervisory IC professionals (ICPs) at the 28 hospitals in this survey and were completed in December 2005. These surveys included a request for the annual hospital budget for the IC program at each hospital. Budgeted amounts were standardized to 2005 US dollars.
Cost Reduction Modeling
Models for both relative and absolute cost reduction scenarios were calculated. For absolute cost reduction models, a fixed number of HAIs (eg, 4) was subtracted from the total number of HAIs at each hospital. For relative cost reduction models, a fixed percentage of HAIs (eg, 25%) was subtracted from the total number of HAIs at each hospital. For each scenario, the total cost of HAIs was calculated using the equations described herein. The median cost reduction per hospital and total cost reduction for the 30 study hospitals were then calculated for each scenario.
Statistical Analysis
Data were maintained using Access (Microsoft) and analyzed using SAS statistical software, version 9.1 (SAS Institute). The Wilcoxon rank sum test was used to test differences between median values.
results
Estimates for Cost of Specific HAIs
Twenty-six studies published during 1985-2005 met all the inclusion criteria: 8 provided cost estimates for SSI, 17-24 6 for 
Number and Cost of Specific HAIs
During 2004, a total of 516 HA-BSIs were reported at the 28 study hospitals (overall rate for network, 0.36 HA-BSIs per 1,000 patient-days). The median number of HA-BSIs per study hospital was 7.5 (IQR, 4.5-26.5 HA-BSIs). Based on an estimated cost per HA-BSI of $23,242, the cost attributable to HA-BSI at the 28 study hospitals was $11,992,645. The median annual cost for HA-BSI per hospital was $174,315 (IQR, $104,589-$615,913).
A total of 1,075 SSIs were diagnosed at 27 study hospitals (overall rate for network, 0.81 SSI per 100 procedures). The median number of SSIs per study hospital was 30 (IQR, 13-61 SSIs). Based on an estimated cost per SSI of $10,443, the cost attributable to SSI at the study hospitals was $11,226,171. The median annual cost for SSIs per hospital was $313,290 (IQR, $135,759-$637,023).
A total of 257 CA-UTIs were diagnosed at 27 study hospitals (overall rate for network, 4.1 CA-UTIs per 1,000 catheter-days). The median number of CA-UTIs per study hospital was 4 (IQR, 2-19 CA-UTIs). Based on an estimated cost per CA-UTI of $758, the cost attributable to CA-UTI at the study hospitals was $194,780. The median annual cost for CA-UTIs per hospital was $3,032 (IQR, $1,516-$14,402).
A total of 109 VAP cases were diagnosed at 28 study hospitals (overall rate for network, 3.4 VAP cases per 1,000 ventilator-days). The median number of VAP cases per study hospital was 2 (IQR, 0-4 VAP cases). Based on an estimated cost per VAP case of $25,072, the cost attributable to VAP at the study hospitals was $2,732,853. The median annual cost for VAP per hospital was $50,144 (IQR, $0-$100,288).
By summing the annual costs for these 4 specific HAIs, the total annual cost attributable to HAIs was calculated to be $26,146,450 for the 28 hospitals (Table 3 The median amount budgeted for IC at smaller hospitals (!220 beds) was $100,000 (IQR, $80,000-$150,000), whereas the median amount budgeted for IC at larger hospitals (x220 beds) was $212,000 (IQR, $119,582-$420,000) ( ). As P p .13 might be expected, the median amount budgeted for ICPs at smaller hospitals was less than the median amount budgeted for ICPs at larger hospitals ($53,999 vs $78,465;
). P p .03 Although the median amount budgeted for IC per patientday was not significantly different between the 2 groups ($3.88 vs $2.51; ), the median amount budgeted for ICPs P p .13 per patient-day was actually higher at the smaller hospitals, compared with the larger hospitals ($2.45 vs $1.42;
). P p .04
Cost Reduction Modeling
Cost reduction models based on absolute or relative reductions in rates of HAIs are listed in Table 4 . All study models resulted in substantial cost savings. For example, if all study hospitals were able to prevent as few as 4 additional HAIs (1 SSI, 1 VAP case, 1 HA-BSI, and 1 CA-UTI) in the next year, each hospital would save a median of $59,491 (IQR, $34,440-$59,508), and the study network would save a total of $1.4 million. If the study hospitals could prevent 25% of all HAIs, each hospital would save a median of $148,668 (IQR, $74,763-$296,861) annually, and the study network would save a total of $6.5 million.
discussion
The results of our study estimate the enormous financial burden that HAIs impose on community and tertiary care hospitals alike. Despite our use of conservative estimates and despite the fact that hospitals in our study had rates of HAIs at or below nationally published benchmark or median rates reported by the National Nosocomial Infections Surveillance system, the total annual cost attributable to HAIs was greater than $26 million for the group of 28 study hospitals; the annual median cost attributable to HAI was approximately $595,000 for an individual hospital.
Previously published reports have provided wide-ranging, confusing estimates for the cost of HAIs. In this study, we calculated weight-adjusted mean costs for specific HAIs in 2005 US dollars by using previously published matched cost analyses and adjusting for inflation. We then applied these estimates to HAI surveillance information for a network of 28 community hospitals to determine the total financial burden of HAIs at these hospitals and for the network of hospitals as a whole. HAIs are expensive. We estimated that the weight-adjusted average costs of VAP, HA-BSI, SSI, and CA-UTI were $25,072, $23,242, $10,443, and $758, respectively. In fact, these values likely underestimate the true costs of specific HAIs, because our estimates included only direct costs. In many studies on the cost of HAIs, including those studies used in this study, direct costs attributable to HAIs are estimated primarily on the basis of costs associated with increased length of stay. Thus, our cost estimates do not include opportunity costs for hospitals, indirect costs, costs after discharge (eg, for rehabilitation or nursing home stay), costs of rehospitalization, and costs to society (eg, loss of wages and productivity). 35 Additionally, patients with HAIs die more frequently than uninfected patients. Thus, even direct costs based on length of stay may be underestimated, because decreased length of stay as a result of in-hospital death leads to lower variable and discretionary costs. 36 To our knowledge, only 1 previous study, by Stone et al., 37 has attempted to determine the costs of specific HAIs on the basis of previously published literature. Their study, however, included studies that used highly variable methods to estimate the costs of specific HAIs. Stone et al. 37 used the following estimates to calculate the total cost of HAIs in their institution: $38,703 per HA-BSI, $17,677 per VAP case, and $15,646 per SSI. No cost estimates were given for CA-UTIs. The differences in cost estimates between our study and the study by Stone and colleagues likely arise from methodological differences. In contrast to the study by Stone et al., 37 we included only studies that estimated costs due to HAIs by measuring incremental costs associated with diagnosing and treating HAIs. Additionally, we used a weight-adjustment method to give higher weight to larger studies, to reduce random error in cost differences.
The costs of HAIs are generally not reimbursed and are likely to become even less reimbursable in the future. 38 These costs adversely affect the operating margin for most hospitals but may be hidden to administrators, appearing as part of the costs of providing care but not specifically as a line item. DRG-based reimbursement is not altered when an individual patient develops an HAI, because no specific DRG codes are available for HAIs. 39 Indeed, only 22% of the diagnoses listed in the current DRG system provide additional payments when "complications" arise. 40 Thus, the current American prospective payment system, based on DRGs, does not reimburse hospitals adequately for HAIs. 41 Finally, as pay-for-performance incentives arise, the small amount of reimbursement that hospitals receive may be further reduced. Indeed, agencies such as the Centers for Medicare and Medicaid Services have proposed rules to eliminate any form of enhanced payment for the occurrence of a preventable HAI. 38 Given the fact that hospitals do not receive reimbursement for more than 90% of the costs attributable to HAIs, 42 it would be sensible for hospitals to substantially invest in programs that reduce the occurrence of these infections. Yet, our study demonstrates that the annual budgets of most IC programs represent a small fraction of the cost of their annual losses due to HAIs. In a subgroup of 17 hospitals in our study, the total annual cost of HAIs dwarfed the amount budgeted for IC and prevention by a factor of 6. Additionally, the cost of HAIs per hospital was a median of 4.6 times the amount budgeted for IC and prevention per hospital and 8.5 times the amount budgeted for payment of ICPs per hospital. After adjusting for the size of the hospitals, the loss due to HAIs ($13.65 per patient-day) was 4.3 times the amount hospitals invested in their prevention ($3.52 per patient-day).
Several cost reduction models were presented in this study. In the Study of the Efficacy of Nosocomial Infection Control published in 1985, IC programs reduced rates of HAIs by as much as 32%. 43 Indeed, in our own network, we were able to reduce the rate of nosocomial HA-BSIs by 23% and the rate of VAP cases by 40% during a 3-year period. 15 If all of the hospitals included in the current study were able to reduce the rates of all HAIs by an additional 25%, each hospital would save approximately $150,000, and the entire network would save more than $6 million. Even if a hospital were able to prevent only 1 additional VAP case, 1 additional SSI, 1 additional HA-BSI, and 1 additional CA-UTI per year, that hospital could prevent a loss of approximately $59,500, a sum that is greater than the median salary of ICPs presented in this study.
Recent reports suggest that much larger reductions in rates of HAIs are possible. For example, Muto et al. 44 recently reported a 68% reduction in intensive care unit central venous catheter-associated BSIs after implementation of a coordinated IC initiative. Babcock et al. 45 initiated an intensive educational program in the intensive care units of 4 hospitals and reduced the rate of VAP cases by 46%. If all IC programs in our study were ambitiously able to reduce their current numbers of HAIs by 50%, then each hospital would save more than $297,000 each year, and the entire network would save $13.1 million.
The limitations of our study are similar to the limitations of the studies we used for determining the cost estimates per HAI. For example, in matched analyses, the 2 groups being compared (a group with HAIs and a group without HAIs) may be matched by variables that increase the length of stay (eg, age and discharge diagnosis). One frequently cited caveat of these studies is that the matching method is often suboptimal and incomplete. 46 Thus, incompletely or inefficiently matched analyses that estimate attributable costs due to HAIs may overestimate direct costs by overestimating the length of stay attributable to HAIs. Additionally, our cost estimates may be falsely lowered. The total cost of HAIs for each hospital and the network includes only the costs of 4 specific HAIs. Other HAIs, such as Clostridium difficile-associated disease, superficial SSIs, and infections in employees and physicians due to bloodborne pathogen exposures, are not included in our study. Thus, despite the magnitude of the costs of HAIs measured at these hospitals, our study clearly underestimates the total cost attributable to all HAIs at the participating hospitals.
IC programs initially were created to satisfy regulatory requirements. More recently, IC has moved to the forefront of patient safety. Indeed, because rates of HAIs are an important metric for assessing patient safety, state legislatures in 14 states have written laws that require hospitals to measure and publicly report their rates of HAIs (as of June 30, 2006) . Furthermore, JCAHO and the Institute for Healthcare Improvement have repeatedly emphasized that preventing HAIs improves patient safety. 6, 7 The cumulative annual total costs attributable to HAIs were greater than $26 million in our cohort of 28 hospitals, based on conservative estimates for the costs of specific HAIs. Thus, in addition to patient safety, the economics of HAIs must be included as an important metric for IC programs. Although nearly every hospital in the United States has a pressing need and plenty of incentive to reduce their local rates of HAIs, incremental benefits (eg, the money saved by preventing HAIs) remain far higher than incremental investments being made (eg, the costs of increasing resources for an IC program). Cost reduction projections of the efficacy of infection prevention programs are all based on the assumption that IC programs can actually prevent infections. However, little research has been performed on the usefulness of various prevention methods, and there has been even less research on the sustainability of effective prevention programs once they have been introduced. Our data suggest that such research is badly needed for financial reasons. Meanwhile the data we have presented can be used to bring additional attention to the incredible humanitarian and financial drain that HAIs impose. We believe that discussions of the potential return on investments made to prevent infection will become commonplace in the future. Furthermore, our data suggest that money invested in infection prevention activities will indeed yield substantial financial returns and simultaneously yield equally large dividends related to improving patient safety. In the end, such dividends may be of the most value to our patients and the healthcare system, allowing the healthcare system to become wise with both its pennies and pounds. 
